We consider the dark matter scalar in the Randall Sundrum background and study the annihilation cross section if the curvature-scalar mixing is switched on. In this case, in addition to the radion, the standard model Higgs scalar drives the annihilation and it leads to a considerable enhancement in the annihilation cross section. Furthermore we take unparticle, having a non-zero mass coming from the standard model Higgs-unparticle interaction in the low energy level, as a dark matter candidate and analyze the annihilation cross section by including the effect of the curvature-scalar mixing. We see that, for both choices, the mixing process plays an essential role in obtaining the dark matter annihilation cross section in the current range. *
The DM as an additional scalar on the 3 brane
We consider the RS1 background and all particles, including the DM, live in the visible brane.
In RS1 scenario, two 3 branes, the Planck brane and the TeV (visible) brane are the boundaries of the 5D world, which is compactified into S 1 /Z 2 orbifold. This scenario ensures a solution to the well known hierarchy problem with the assumption that the gravity is concentrated near the Planck brane and extends into the bulk with varying strength. In addition to this the low energy effective theory has flat 4D space-time since vanishing 5D cosmological constant in both branes have equal and opposite tensions. The metric of the RS1 background reads
where A(y) = k |y|, k is the bulk curvature constant, y is the extra dimension parametrized as y = R θ and the exponential factor e −k L with L = R π, is the warp factor which rescales the mass terms in order to the bring down the TeV scale, with a rough estimate of L ∼ 30/k. Here, a scalar field, so called the radion r field, is introduced as the fluctuation over the expectation value of the field L(x), the size L. The equivalence principle leads to a mass to the field L(x) and a stabilization mechanism for r was proposed by Goldberger and Wise [42] . Finally, the metric in 5D is defined as [43] ds 2 = e −2 A(y)−2 F (x) η µν dx µ dx ν − (1 + 2 F (x)) dy 2 ,
where the scalar field F (x) reads,
with normalized radion field, r(x), (see [44] ). Finally the induced metric at the orbifold point θ = π (visible brane) reads,
where γ = v Λ R , Λ R = √ 6 M P l e −k L and v is the vacuum expectation value of the SM Higgs boson. Now, we introduce an additional scalar SM singlet field φ S , which was considered first by Silveria [45] and studied by several authors [46] - [50] , and consider the action obeying the Z 2
where
is the determinant of the induced metric on the visible brane.
Notice that the term e −4 A(L) in −g ind is embedded into the redefinitions of the fields on the visible brane, namely, they are warped as φ S → e A(L) φ S warp , m S → e A(L) m S warp and in the following we use warped fields without the warp index. The action eq.(5) leads to
which is responsible for the annihilation of the DM φ S , driven by the φ S φ S r vertex,
with s = 4 m 2 S . At this stage we consider that the curvature-scalar interaction
is switched on where H is the Higgs scalar field
and ξ is the positive parameter. The interaction in eq. (8) results in the radion-SM Higgs mixing [51] - [56] and the mass eigenstates H p and r p become mediators of the DM annihilation process (see appendix A for brief review). Here the φ S φ S H p vertex arises after the mixing and the
is the mixing parameter (see appendix A). Now, we present the total averaging annihilation rate of the DM, including the mixing effect:
where c (d) is the mixing parameter (see appendix A),
with virtual Higgsh having mass 2 m S (see [57, 58] ) and v r = 2 p CM m S is the average relative speed of two DM scalars (see for example [49] ). The function F γg 1 is the contribution due to the γγ and gg outputs and it reads
1 For f f, W W, ZZ outputs a common mixing factor appears for H p (r p ) mediation and the averaging annihilation rate can be written as a sum of corresponding decay widths, namely Γ ′ (h → X SM ). However, for two photon (γγ) and two gluon (gg) output the additional contribution coming from the trace anomaly (the terms b Y , b 2 for γγ output and b QCD for gg output) for the intermediate radion case (see for example [51, 54] ) results in that one can not construct the part of the annihilation rate for γγ and gg outputs in the form proportional to i=γ,g Γ(h → X i SM ). Notice that F γg can be written in the form of the first term in eq.(10) where X SM = γ, g when the terms coming from trace anomaly are ignored.
where the functions c 
Unparticle DM on the 3 brane
We consider unparticle as a DM candidate (see [41] ) in the case that it obtains mass due to the interaction with the SM Higgs. Unparticles, which are the new degrees of freedom, has been proposed by Georgi [59, 60] . The starting point is a scale invariant hidden sector beyond the SM with non-trivial infrared fixed point. At low energy, around Λ U ∼ 1 T eV , the hidden sector appears as unparticles which looks like a number of d U massless invisible particles where d U is the non-integer scaling dimension. In the low energy effective level the possible interactions between the SM particles and unparticles are described by the effective lagrangian (see for example [61] ). Now we consider the action [41] having Z 2 symmetry for unparticle as
After the Higgs doublet develops the vacuum expectation value we get
. By redefining the fields
γ v r(x) and introducing the unparticle mass
we get the interaction term
which is responsible for the annihilation of the DM, unparticle U in this case 3 . Here the intermediate Higgs H 0 and radion r are responsible for the annihilation of the DM driven by the U U H 0 and U U r vertices:
If we switch on the Higgs-radion mixing by considering the curvature-scalar interaction eq. (8), the DM annihilation is carried by the mass eigenstates H p and r p with the U U H p and U U r p 2 In the following we use warped fields without the warp index. 3 Notice that the stability of unparticle is ensured with the considered Z 2 symmetry.
vertices having the strengths b V r + d V h and a V r + c V h where V h , V r are given in eq. (16) and a, b, c, d are the mixing parameters (see appendix A). Finally the total averaging annihilation rate of the DM, including the mixing effect reads
and s = 4 m 2 U . Similar to the previous case the function G γg is the contribution due to γγ and gg outputs and it reads
Discussion
The present total annihilation rate is restricted by using the DM abundance which is determined by the WMAP collaboration [36] and, at two sigma level, it reads
The expression connecting the annihilation cross section to the relic density is
with x f ∼ 25 (see for example [2, 21, 49, 62, 63] ) leads to the bounds
of the order of (1 − 2) × 10 −9 GeV −2 . This is the case that s-wave annihilation is dominant (see [64] for details.).
In the present work we study the annihilation cross section of DM candidates in the framework of the RS1 scenario. First, we consider a DM candidate, living in the 4D brane, with the action given in eq. (5) . In this case the DM annihilation process is induced by the radion, which has a natural trilinear coupling with the DM. Here we also consider the possible mixing of the radion and Higgs fields, arising with the inclusion of the curvature-scalar mixing (eq. (8)) and we extend the set of mediating particles which induce the annihilation, namely, the radion and the SM Higgs field. Here, the trilinear coupling of the Higgs field to the DM matter is regulated by the radion DM DM coupling and by the strength of the mixing. Second, we assume that the unparticle, which gets mass driven by the interaction (see eq. (13) (14)). In both scenarios we restrict the parameters not to face with a possible perturbative unitarity violation (see for example [65] for a discussion of perturbative unitarity).
In the calculations we take the SM Higgs vacuum expectation value v = 246 GeV and respect the upper and lower bounds of the current experimental value of the relic abundance, namely 0.7 pb ≤ < σ v r > ≤ 0.9 pb. In each figure we show these upper and lower bounds as a pair of parallel solid lines.
In Fig.1 (2) we plot the DM mass m S dependence of the annihilation cross section We observe that the annihilation cross section lies within the current limits when the DM mass is in the vicinity of the resonant annihilation mass. For heavy radion one needs more fine tuning of the DM mass in order to obtain the current limit of the annihilation cross section. On the other hand the mixing results in a broader region for the restriction of the DM mass and, if the mixing is switched off, the annihilation cross section almost vanishes for the case of heavy radion, since the DM mass, which is lying in the region m S < 60 GeV , is far from the mass of the resonant annihilation induced by the radion 4 .
However, in both cases, for the light and the heavy radion, the DM mass should be restricted strongly in order to reach the annihilation cross section, even the mixing is switched on. Now, we study the annihilation cross section with the assumption that the DM candidate is unparticle having mass which arises by switching on the interaction with the SM Higgs field. 
It is observed that the current annihilation cross section can be reached if the scale dimension is near to one for strong mixing when one choose the DM mass near to the numeraical values m U = 55 GeV . For completeness we present the scale parameter d U dependence of the annihilation cross section < σ v r > in Finally, in Fig.11 (12) we present the interaction parameter λ dependence of the annihilation cross section < σ v r > for m H 0 = 120 GeV , Λ R = 1.0 T eV and 10 GeV < m U < 60 GeV .
Here the solid-dashed-short dashed line represents < σ v r > for m R = 80 GeV , ξ = −0.2,
We observe that the annihilation cross section is strongly sensitive to the parameter λ and this sensitivity increases with the increasing values of λ.
At this stage we would like to present our results:
• First we consider that the DM annihilation process is switched on with the radion mediation and the SM Higgs mediation appears with the curvature-scalar mixing. We observe that the mixing process plays an essential role in obtaining the DM annihilation cross section in the current range. Notice that the DM mass must not be far from the resonant annihilation mass(es) for both light and heavy radion cases.
• Second we consider the unparticle as a DM candidate with the mass term arising with the interaction given in eq. (13) . In this case the mediators for the annihilation are the radion and the Higgs scalars even there is no mixing. We observe that the current annihilation cross section can be obtained by fine tuning of the free parameters, d U , λ and ξ, existing in the model.
With the forthcoming experimental measurements and more accurate observations it would be possible to understand the nature of the DM and to construct a theoretical background. (11) and (18) read
where 
